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ORIGINAL ARTICLE
Knowledge of tooth and root canal anatomy is
important for dental practice and for identifying
features of anthropological significance. Primary
teeth exhibit anatomical differences from perma-
nent teeth in terms of size and external and inter-
nal morphology. Primary mandibular first molars
usually have two roots and three root canals, with
the formation of accessory roots being uncom-
mon. The permanent mandibular first molar with
three-rooted variants, which feature the presence
of the additional third root (i.e. the supernumer-
ary root), was first described by Carabelli in 1844.1
Bolk termed the extra root of mandibular molars
that are distributed lingually as radix entomolaris
(RE), and those that are distributed buccally as
radix paramolaris (RP).2 The prevalence of var-
iations is lower in the primary dentition than in
the permanent dentition.3,4 Tratman found that
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Background/Purpose: Knowledge of root canal anatomy is important for dental practice and for identify-
ing features of anthropological significance. Three-rooted permanent mandibular molars are considered
an anatomical variant of the Mongoloid race. This study aimed to determine the prevalence of three-
rooted primary mandibular first molars in Taiwanese subjects.
Methods: Vertical bite-wing radiographs of 227 subjects, which had been obtained previously in the
Department of Pediatric Dentistry, Taichung Veterans General Hospital, Taichung, Taiwan, from January
2004 to December 2007, were screened retrospectively. Images of 121 subjects [54 boys and 67 girls; mean
age (range), 5.8 (2.4–10.4) years] who had bilateral primary mandibular first molars were studied. The
sex, symmetry and frequency of occurrence of three-rooted primary mandibular first molars were recorded
and statistically analyzed.
Results: The overall prevalence of subjects with three-rooted primary mandibular first molars was 5.0%
(6/121), and 83.0% of the molars were unilateral. The prevalence of teeth that showed an extra root
among all teeth examined was 2.9% (7/242). Such prevalence did not differ significantly between the
right and left sides of the mandible, bilateral and unilateral, or with sex.
Conclusion: The data presented here indicate that approximately 5% of Taiwanese subjects had a three-
rooted mandibular primary first molar and 80% of such teeth occurred unilaterally. Dentists should take
into account the prevalence of these three-rooted variants in primary mandibular first molars among
Taiwanese patients during their daily endodontic and exodontic procedures. [J Formos Med Assoc
2010;109(1):69–74]
Key Words: dental care, pulp cavity, pulp therapy, three-rooted primary mandibular molar, primary first
molar, Taiwan
three-rooted mandibular first molars are rare (fre-
quency <1%) in the primary dentition and com-
mon in the permanent dentition.5 The occurrence
of a distolingual root in these molars is considered
a racial characteristic of certain Indian and
Mongoloid populations.5–8 Curzon and Curzon
stated that the incidence of primary anomalies is
higher in Native American than white popula-
tions.9 Turner found that the frequency of per-
manent three-rooted mandibular first molars is
32% among Aleutian Eskimos and 3% among
Africans and Europeans.10 Pindborg indicated
that 20% of individuals classified as being of
Mongolian descent have an extra distal root 
on the permanent mandibular first molar.11
Typically, 21.1% of Taiwanese (Chinese) individ-
uals have permanent three-rooted mandibular
first molars,12 but there is little information on
primary three-rooted mandibular first molars 
in those of Mongolian descent.5,6
The present retrospective study was under-
taken to determine the prevalence of three-rooted
primary mandibular first molars, by bite-wing
radiographic images obtained in the Taiwanese
population.
Subjects and Methods
Vertical bite-wing radiographs of 227 subjects,
which had been obtained in the Department of
Pediatric Dentistry, Taichung Veterans General
Hospital, Taichung, Taiwan from June 2004 to
July 2007, were screened and examined retro-
spectively. To reduce radiographic misinterpreta-
tion, blurred images of teeth were excluded.
Images of 121 patients [54 boys and 67 girls; mean
age (range), 5.8 (2.4–10.4) years] who showed
bilateral primary mandibular first molars (242
mandibular first molars) were chosen. Two qual-
ified dentists, a pedodontic specialist and an 
endodontic specialist, examined the vertical bite-
wing radiographs using a magnifying viewing
box. The criteria for the presence of an extra root
were based on the crossing of the translucent lines
that defined the pulp space and the periodontal
ligaments in the primary mandibular first mo-
lars.12,13 Disagreements in the interpretation 
of radiographs were resolved by consensus be-
tween the two investigators.12,14 The total pre-
valence, sex ratio, and prevalence of bilateral 
and unilateral and right- and left-sided three-
rooted primary mandibular first molars were
also determined.12,14
The relative incidence and correlation be-
tween left- and right-side occurrences were deter-
mined by McNemar’s test. The relative incidence
and correlation between unilateral and bilateral
molars were determined by Fisher’s exact test. The
sex ratio for the occurrence of three-rooted primary
mandibular first molars was analyzed using the
χ2 test.
Results
Three boys (5.56%, 3/54) and three girls (4.48%,
3/67) were found to have three-rooted primary
mandibular first molars. The overall prevalence
of Taiwanese subjects with such teeth was 4.96%
(6/121), with teeth that had such extra distal
roots representing 2.89% (7/242) of the total
number of teeth. The prevalence of an extra dis-
tal root in the primary mandibular first molar
was the lowest on left side of female subjects
(0%) and on the right side of the male subjects
(1.85%) (Table 1). The occurrence of such three-
rooted primary mandibular first molars on the
right and left sides did not differ significantly in
boys and girls (p = 0.564 for male, p = 0.157 for
female, and p = 0.655 overall; Table 2). Six sub-
jects (4.96%) had an extra distal root in the pri-
mary mandibular first molars, with one bilateral
case (16.67%) and five unilateral cases (83.33%;
Table 3; Figure 1). However, the unilateral or bi-
lateral occurrence of the three-rooted primary
mandibular first molars did not differ signifi-
cantly (p = 0.213 for male, p = 1.000 for female,
and p = 0.243 overall; Table 4). The χ2 test re-
vealed that the incidence of three-rooted primary
mandibular first molars did not differ with sex
(p = 1.000; Table 5).
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Discussion
There have been several case reports of the occur-
rence of three-rooted primary mandibular first
molar variants,15–17 but studies of the prevalence
of these anatomical variants are few in number.5,18
In the present study, the overall prevalence of
three-rooted primary mandibular first molars in
Taiwanese subjects was 4.96%, and the prevalence
of teeth with an extra root was 2.89% of all teeth
examined. These figures were higher than those of
Tratman, who found a frequency of <1% in Chinese
children,5 but lower than that of Song et al who
reported a prevalence of 9.7% in Korean children.18
Three-rooted primary mandibular first molar
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Table 1. Numbers and percentages of study subjects with three-rooted primary mandibular first molars by
sex, unilateral and bilateral status, and total occurrence*
Unilateral
Bilateral TotalNo. of patients
Left Right
Male (n = 54) 2 (3.70) 1 (1.85) 0 (0.00) 3 (5.56)
Female (n = 67) 0 (0.00) 2 (2.99) 1 (1.49) 3 (4.48)
Total (n = 121) 2 (1.65) 3 (2.48) 1 (0.83) 6 (4.96)
Total no. of teeth examined (n = 242) 2 (0.83) 3 (1.24) 2 (0.83) 7 (2.89)
*Data presented as n (%).
Table 2. Distribution and prevalence of three-
rooted primary mandibular first molars on
the right and left side*
No. of
No. with 3 roots
p†
patients Left Right
Male (n = 54) 2 (3.70) 1 (1.85) 0.564
Female (n = 67) 1 (1.85) 3 (5.56) 0.157
Total (n = 121) 3 (5.56) 4 (7.41) 0.655
*Data presented as n (%); †McNemar’s test.
Table 3. Distribution of unilateral and bilateral
occurrence among six subjects with three-
rooted primary mandibular first molars*
Three-root primary
No. of patients
mandibular first molars
Unilateral
Left 2 (33.33)
Right 3 (50.00)
Subtotal 5 (83.33)
Bilateral 1 (16.67)
Total 6 (100)
*Data presented as n (%).
A B C D
Figure 1. Three-rooted primary mandibular first molars illustrated by vertical bite-wing radiographs. (A) The extra distal
root (arrow) occurred on the left side unilaterally; (B) the extra distal root (arrow) occurred on the right side unilaterally;
(C and D) bilateral symmetrical occurrence of three-rooted mandibular first molar teeth (arrows) in the same patient.
The prevalence (4.96%) of three-rooted per-
manent mandibular first molars in our study 
was lower than that in similar studies in the
Chinese population. Tu et al found a prevalence
of 21.1% using periapical radiographic images
and 33.33% using cone-beam computed to-
mography images in Taiwanese subjects.12,19 By
using extracted teeth, Walker and Quackenbush
found a prevalence of 14.6% in Hong Kong
Chinese13 and Loh found a prevalence of 7.9%
in Singapore Chinese20 subjects. Our results are
in accordance with the suggestion that three-
rooted mandibular first molars are rarer in pri-
mary than permanent dentition.3–5
Most of the three-rooted mandibular first
molars in Asians show a bilateral occurrence
(53.65–68.57%).12,13,18,19,21 Sabala et al stated
that aberrant root morphology in a given tooth
is observed with varying frequency in the corre-
sponding contralateral tooth, but it is not seen 
in mandibular primary first molars with three
roots.14 In the present study, most of the three-
rooted primary mandibular first molars occurred
unilaterally (83.33%). Though the data of bilat-
eral occurrence (17.67%) from our result was
less than the report (39.3%) by Song et al,18 both
Taiwanese and Korean populations appeared
much more unilateral occurrence of three-rooted
primary mandibular first molars than perma-
nent mandibular first molars do.
In the present study, the prevalence of three-
rooted primary mandibular first molars did not
differ with sex, which is consistent with findings
for three-rooted permanent mandibular first 
molars in Taiwanese,12,19 Hong Kong Chinese,13
Singapore Chinese20, and Japanese22 subjects.
However, a significant male predominance for
three-rooted primary mandibular first molars in
Koreans has been reported.19 This variation be-
tween studies might be related to sample size
and case selection, therefore, further investiga-
tions are necessary to clarify this issue.
Winkler and Ahmad reported multi-root
anomalies in the primary mandibular first molars
and both first and second molars of Native Amer-
ssicans.15 In the present study, there were two
cases that had multi-root variations in the primary
mandibular first and second molars (Figure 2).
Further investigations of the relative occurrence
of two primary mandibular molars with three-root
variants in the same subject are necessary.
The bite-wing radiographic method is a 
noninvasive and practical method for reliable
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Figure 2. Two cases of primary right mandibular first and
second molars with three roots (arrows), illustrated by 
vertical bite-wing radiographs (A) and (B).
Table 4. Prevalence of bilateral and unilateral
primary mandibular first molars with
three roots*
No. of 3 roots
p†
Bilateral Unilateral
Male (n = 54) 0 (0) 3 (5.56) 0.243
Female (n = 67) 1 (1.49) 2 (2.99) 1.000
Total (n = 121) 1 (0.83) 5 (4.13) 0.213
*Data presented as n (%); †Fisher’s exact test.
Table 5. Distribution and prevalence of three-rooted primary mandibular first molars by sex
Prevalance Male Female Total p†
Molars with three roots 3/108 (2.78) 4/134 (2.99) 7/242 (2.89) 1.000
Individuals with three roots 3/54 (5.56) 3/67 (4.48) 6/121 (4.96) 1.000
*Data presented as number of positive cases/total cases examined (%); †c2 test.
comparison of studies that relate to sex and bilat-
eral occurrence of three-rooted primary mandibu-
lar first molars in different ethnic groups. However,
the bite-wing radiographic method used in the
present study could not differentiate RE and RP
in the primary mandibular first molars.
Many studies have discussed the endodontic,
periodontal and exodontic implications of extra
distal roots in permanent mandibular first mo-
lars.23,24 The same caution should be applied to
the treatment of primary mandibular molars with
accessory roots as permanent mandibular molars.
Goerig and Camp described the prominently bi-
furcated roots of the primary molars that allow
succedaneous teeth to erupt and grow.25 Accurate
clinical knowledge of the general morphology of
the specific variation of a tooth is essential be-
fore contemplating pulpectomy and extraction.
Appropriate straight-line access preparation and
location of the orifice of the extra distal root canal
typically warrants modification of the classical
triangular opening technique to a trapezoidal
form, to improve the localization and access to the
root canals in primary mandibular first molars.
The data presented in this study indicate that
approximately 5% of Taiwanese subjects had a
three-rooted primary mandibular first molar and
> 80% of such individuals exhibited a unilateral
occurrence. The clinical and anthropological im-
portance of these findings means that primary
mandibular first molars with three roots need to
be considered in Taiwanese subjects.
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